Introduction
An inactive lifestyle is a prominent feature in patients with COPD and has been linked to an increased risk of hospitalizations and mortality. 1 Due to this close relationship between the level of physical activity (PA) and general health, assessment of PA in daily life has recently emerged as an important outcome measure in COPD. To provide reliable information, an accurate assessment of the amount and intensity of PA is required. Accelerometers have been evaluated against the gold standard indirect calorimetry and doubly labeled water in patients with COPD. 2, 3 Among these studies, the triaxial accelerometer SenseWear ® was valid and responsive in this patient group. Questionnaire-based assessments of PA are frequently used in research settings due to their simplicity, high patient acceptance and low costs. However, whether they reflect the actual level of PA and its changes is still unclear. [4] [5] [6] [7] Outside research settings, activity monitors are rarely used in general practice. Despite the mentioned concerns
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sievi et al about questionnaires not providing the exact level of PA, it would be attractive to have a validated questionnaire that allows to capture PA in a cross-sectional and longitudinal setting in an easy manner in COPD patients. The German physical activity questionnaire 50+ (G-PAQ-50+) was developed for an elderly (.50 years) German population and estimates the duration of patients' activity of the previous week. The G-PAQ-50+ questionnaire includes questions on the amount (min/week) and type of housework, gardening, leisure time, sport and profession. 8 In this study, we compared objectively assessed PA and its annual changes to PA estimations by a questionnaire in a COPD population.
Methods subjects
This study is a sub-analysis of data retrieved from The Obstructive Pulmonary Disease Outcomes Cohort of Switzerland (TOPDOCS). TOPDOCS is a prospective, longitudinal cohort study including COPD patients and annual assessments in seven study centers in Switzerland. Patients were recruited during ambulatory visits in the pulmonary clinics or during hospital stay. Patients aged between 40 and 75 years with confirmed COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines 9 were assessed for eligibility between October 2010 and December 2016. Patients were excluded if they suffered from mental or physical disability precluding informed consent or compliance with the protocol. If they had suffered from a COPD exacerbation within the last 6 weeks, the study visits were postponed until symptoms resolved to a steady state. Since the assessment of changes in PA was a principal outcome, only patients with at least two study visits were included in this analysis.
The study was conducted in accordance with the Declaration of Helsinki of the World Medical Association. The Ethics Committee of the Canton of Zurich approved the study (EK-ZH-NR: 2011-0106), and the study was registered at www.ClinicalTrials.gov, NCT01527773. All subjects gave written informed consent to participate.
Measurements
To compare objectively measured and self-reported questionnaire-assessed PA, patients were equipped with an activity monitor over 1 week and were asked to fill in a questionnaire rating their activity over this period. Time spent at least at moderate activity was investigated as outcome and available from both instruments. Moderate activity was defined by a metabolic equivalent of task (MET) .3; one MET is equal to the energy expenditure during rest (3.5 mL
).
activity monitor (senseWear Pro™)
Objectively assessed PA was measured by a triaxial accelerometer of a multisensory activity monitor (SenseWear Pro; Bodymedia Inc., Pittsburgh, PA, USA) that has been validated in COPD patients. 2 The monitor was worn on the upper left arm over the triceps muscle for 7 consecutive days once a year. The minimal threshold for valid data was set at 4 days with a minimum of 22.5 h/day. 10 The data output of the SenseWear device allowed quantification of daily activity time (minutes) .3MET.
g-PaQ-50+ questionnaire
This self-reported questionnaire was used to estimate the duration of patients' activity of the previous week. The questionnaire was filled in after wearing the SenseWear. The G-PAQ-50+ questionnaire includes questions on the amount (min/week) and type of the main activities in elderly people including housework, gardening, leisure time, sport and profession. 8 The different activities are assigned to intensity codes represented by MET from the compendium of PAs. 11 For analysis, all activities above a MET .3 were summarized, and the daily mean was calculated (minutes of activity .3MET per day). The questionnaire has been validated in an elderly population and derives from a German-speaking country.
lung function
All patients underwent standard pulmonary functional testing according to the American Thoracic Society guidelines 12 to measure forced expiratory volume in 1 second (FEV 1 ), forced vital capacity (FVC), residual volume expressed as percent of total lung capacity (RV/TLC) and diffusing capacity of the lung for carbon monoxide (DLCO). Only values after bronchodilation are reported.
Data analysis and statistics
All results are shown as mean values (standard deviation [SD]) or median (quartiles) unless otherwise stated. BlandAltman plots were used to investigate the agreement between the two methods of measurement by computing the mean difference and limits of agreement (±1.96SD). The difference was calculated as objectively measured (SenseWear) − self reported (G-PAQ-50+) time spent at MET .3. Furthermore, intraclass correlation coefficient (ICC) was calculated. Stratification by GOLD was investigated by separating 
Results
study participants
A total of 178 COPD patients (59 females) were analyzed ( Figure 1 ) and had at least two assessments of PA. Three study visits were performed by 103 patients; four or more visits by 38 patients. In total, 513 assessments of selfreported and objective PA were investigated. Of the COPD patients included, 46% had a spirometric GOLD stage 1/2, 37% stage 3 and 17% stage 4. The median (quartiles) age of this cohort was 64 (60-69) years, body mass index (BMI) was 26 (23-28) kg/m 2 and 23% of the COPD patients were current smokers. The detailed patient characteristics are shown in Table 1 annual change of activity time .3MeT
When comparing the annual change in moderate activity, no agreement between the two methods of measurement was found with an ICC of 0.00. Although the mean difference (1.2 min/day) between objective and self-reported PA was comparable, the wide range of the limits of agreement (Figure 3 ).
Discussion
This study investigated the agreement between objectively measured and self-reported PA and its changes over time in patients with COPD. The agreement between direct and selfreported PA was poor. A novel finding is that in a longitudinal prospective assessment, the objectively measured yearly changes in PA could not be reproduced by self-reported questionnaires. We found that COPD patients widely overestimated their time spent at moderate activity (.3MET).
In recent years, assessment of daily PA gained importance as an outcome measure in COPD since a close association between a low level of PA and poor prognosis was demonstrated. 13 While data from larger COPD cohorts 
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accelerometer-vs questionnaire-based assessment of physical activity included assessment of PA mostly by questionnaires, 1, 14, 15 present COPD studies with activity as an outcome parameter measured PA more frequently by accelerometers. 16, 17 Since assessment of activity by accelerometer is less practicable and more expensive than by self-reported questionnaires, it would be desirable to have a validated questionnaire that allows to capture PA in a cross-sectional and longitudinal setting in COPD patients. Previous studies in various settings investigated the comparison between direct and self-reported measures of PA since questionnaire-based assessments of PA are frequently used in research settings due to their simplicity, high patient acceptance and low costs. 4, 5, 18 Garfield et al 6 showed inconsistent results regarding the agreement between accelerometer and different activity questionnaires in 43 patients with COPD in a cross-sectional setting. Only the Stanford Seven-Day Physical Activity Recall questionnaire was able to identify active and very inactive patients. In another study, Donaire-Gonzalez et al 19 validated the Yale Physical Activity Survey in 172 COPD patients who were equipped with an accelerometer for 8 days. A wide variability in agreement between the two methods was observed. Therefore, a validated and widely used PA questionnaire in patients with COPD is still missing.
In agreement with our findings, a systematic review by Prince et al 20 on the comparison of direct versus selfreported measures for PA in adults showed also that self-reported PA by questionnaires were both over-and underestimated compared to objectively measured PA. Our results showed that COPD patients overestimate their mean daily time spent at moderate activity by a factor of 2.2 compared to the accelerometer, although the questionnaire with a recall period of 7 days covered the wearing time of the accelerometer. This finding was previously reported by Pitta et al. 21 In their study, COPD patients significantly overestimated their walking time and underestimated their standing time. While evaluating the agreement between the objectively measured and self-reported PA allowed no interpretation on possible clusters of over-or underestimation based on patients' characteristics, the analysis of the agreement between the two methods on annual changes showed that COPD patients with an improvement in PA over time tend to overestimate their PA, while patients with an annual decrease in PA tend to underestimate their activity level in a comparable amount. The findings of our study implicate that self-reported PA is less valid to investigate the time spent at moderate activity and to assess their annual changes. Therefore, the choice of the measurement method may have a crucial influence on the detected PA and on observed study results. Therefore, questionnaires seem less sensitive to assess PA as an outcome measure in COPD.
Nevertheless, questionnaires capture data that cannot be measured by an accelerometer such as patients' experience of symptoms while being active. Thus, a combination of a questionnaire-and accelerometer-based assessment such as recently introduced by Gimeno-Santos et al 22 should be implemented in future trials on PA in COPD patients.
One limitation of this study is that the questionnaire used has not been widely used in COPD patients. However, it has been validated in an elderly population and derives from a German-speaking country; thus, there was no need for a validated translation in our Swiss cohort.
The current findings in our COPD cohort suggest that there is no reliable agreement between the time spent at moderate PA measured by a self-reported questionnaire and an accelerometer. Although questionnaires require a lower effort than objective measurements, it seems not promising to rely on them evaluating PA in COPD.
